Fiber reinforced plastics (FRP) is increasingly being used in infrastructural applications like bridges, chemical plants etc., where the environment can limit the expected service life of structures made of conventional materials such as reinforced concrete, steel or timber. Advantages of FRP over conventional constructional materials are its high specific strength and specific stiffness, ease with which it can be moulded to various shapes, corrosion resistance, lower lifecycle cost, durability etc. Estimation of accurate dynamic responses of FRP structures is very important from their operation point of view. Such dynamic responses are functions of material properties, boundary conditions, geometry and applied loading. FRP being an anisotropic and layered composite material, a large number of elastic material property parameters are to be determined. Moreover, its structural fabrication and material fabrication at constituent level being one unified process, the actual existing material property parameters may vary considerably from those specified in established standards or determined from characterisation tests. The present approach attempts at establishing a non-destructive technique based on experimental modal testing and finite element model updating to estimate the elastic material parameters of an 'I' beam made of FRP, thereby making the prediction of dynamic responses more accurate. Static load test on the beam and characterisation tests on samples cut from actual structure are conducted to assess the performance of this updating exercise. The current approach can also be used to non-destructively monitor degradations of elastic material properties over time and thus can be used for health monitoring of existing FRP structures.
INTRODUCTION
Use of Fiber Reinforced Plastics (commonly known as FRP) in weight sensitive and high performance applications, such as aerospace, marine, biomedical and sports, is well established due to its high specific strength (strength to weight density ratio) and high specific stiffness (elastic modulus to weight density ratio). Although FRP is being used for repair material to original concrete or steel structures for a long time, its use as main structural members of bridge or building etc. is relatively recent and is economic only in special circumstances. Examples of such applications are structures built in highly corrosive environment of chemical plants or near seashore where conventional building or bridge components made of steel, timber or reinforced concrete have problems that can limit their expected service life. Other applications include replacement of part of existing bridge made of conventional materials with prefabricated FRP structural components in extremely busy places where roadways cannot be closed for long. There are examples of structures made entirely of FRP, e.g. Aberfeldy footbridge over the River Tay in Scotland (Daniel and Ishai 2005).
1 Application of FRP in infrastructure is promising due to its ability to be moulded to various shapes with very good surface finish, faster fabrication time, superior durability and fatigue strength, good thermal, electrical and acoustic insulation property etc. Davalos et al. (1995 Davalos et al. ( , 1996 Davalos et al. ( , 1997a Davalos et al. ( , 1997b have explored approaches to analyse and design pultruded FRP beams in bending and flexural-torsional buckling. 2-5 A FRP box-girder bridge made of blade angle and T stiffened panels was analysed by Upadhyay and Kalyanaraman (2003).
6 Kumar et al. (2004) tested FRP pultruded bridge deck, made of square hollow glass and carbon tubes of varying lengths.
7 Wael (2010) presented a stability model for the local buckling of pultruded fiber reinforced polymer structural shapes subjected to eccentric compression.
8 Esfandiari et al. (2010) have put forward a parameter estimation approach using response sensitivities with respect to the change of mass and stiffness, evaluated from the decomposed frequency response functions.
9 Hollaway (2010) discusses the infrastructural applications of advanced polymer composite materials over the past four decades. 10 The behavior and performance of ultra thick laminate component of T-sections manufactured with non-crimped fabrics (NCF) was investigated by Zimmermann et al. (2010) using a 3D modeling approach.
11 Amir et
